Outbreaks of respiratory disease constitute a major health problem in herds of finishing pigs and their aetiology often remains unclear. In this study, 16 
RESPIRATORY diseases are considered to be the most important health disorders in finishing pigs. They are responsible for over half of all antibiotic treatments in these pigs (Elbers and others 1990a) . In addition to the costs of these treatments, respiratory diseases are also responsible for losses from mortality, decreased growth rates, reduced feed conversion efficiency and reduced carcase quality others 1990, Paisley and others 1993) .
Viruses, bacteria or mycoplasmas are usually the primary cause of respiratory disease in pigs, although the exact role of many of these agents in the often complex pathogenesis is not fully understood. Environmental factors, farm management, and the defence mechanisms of the pig may also play an important role in the onset of respiratory disease or in the severity of the dinical signs of the disease (Christensen and Mousing 1992) .
The two most important primary bacterial agents involved in respiratory disease are considered to be Mycoplasma hyopneumoniae, which causes enzootic pneumonia (Ross 1992) , and Actinobacillus pleuropneumoniae, which causes pleuropneumonia (Sebunya and Saunders 1983) . The most important secondary agent, which becomes involved in respiratory disease only after the defence mechanisms of the lungs have been impaired, is considered to be Pasteurella multocida (Ciprian and others 1988, Pijoan 1992) . The most important viruses in respiratory disease are swine influenza virus, Aujeszky's disease virus, porcine reproductive and respiratory syndrome (PaRS) virus and porcine respiratory corona virus (PRCV), although, especially for the last two, their exact role in respiratory disease is unclear (Laude and others 1993 , Wensvoort 1993 , Done and Paton 1995 .
Dual infections, in which two infectious agents may cause respiratory disease after infecting the host either at the same time, or one shortly after the other, have gained more attention during the last decade. Multiple infections, involving several viruses, bacteria and mycoplasmas, have been studied under experimental conditions with incondusive results (Fuentes and Pijoan 1987 , Iglesias and others 1992 , Lanza and others 1992 , Amass and others 1994 , Kay and others 1994 , Van Reeth and Pensaert 1994 ,Van Reeth and others 1996a .
Although some field studies of the aetiological agents of respiratory disease have been published, they have usually been limited to certain pathogens. Furthermore, some of them were carried out in finishing pigs at the slaughterhouse, where there is no clear relationship with clinical problems. Studies of the association between bacterial agents and respiratory disease have been published by Awad-Masalmeh and others (1990) , Castryck and others (1990) , , Falk and others (1991) and H0ie and others (1991) , and serological investigations have been carried out by Callebaut and others (1986) , Elbers and others (1992) , Nowotny and others (1994) and Maes and others (1996) . The results of a more elaborate study of five herds, combining serological investigations with the isolation of bacteria and immunofluorescence microscopy were published recently by Runge and others (1996) . To the authors' knowledge, no results of extensive investigations into the infectious causes of acute respiratory disease in a substantial number of herds, during the acute phase and considering all the possible aetiological agents, have been published recently.
The main purpose of this study was to identify the infectious agents involved in acute respiratory disease in finishing pigs, preferably during the first half of the finishing period. Possible evidence of dual infections, and of their importance in the field, was also investigated.
MATERIALS AND METHODS

Selection of herds
Forty finishing or farrow-to-finish herds in the southern Netherlands were selected from approximately 200 herds with a known history of recurrent respiratory problems. The criteria for selection were: recurring respiratory problems with acute clinical signs, preferably during the first half of the finishing period; the frequent use of curative medication; and the restricted use of preventive medication. Further criteria were a herd size of more than 500 finishing pigs, with compartments containing 60 to 100 pigs, and the practice of an all-in all-out system.
Sampling
Farmers were requested to notify the Animal Health Service as soon as possible, and before they started medication, if at least one ofthe following clinical signs was observed in a compartment of finishing pigs with no history of respiratory disease: a decrease of feed intake by 10 per cent or more; coughing; or laboured breathing. The farms were usually visited the same day, but always within 24 hours. An outbreak was included for further investigation when there were dinical signs of respiratory disease, with several pigs having a fever of above 40°C (temperatures were taken only from pigs with dear dinical signs) and no antibiotics had been used for at least a week. Between December 1,1995, and April 15,1996 , 16 outbreaks were reported that met these criteria. Only one outbreak was investigated in each herd.
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From each outbreak, four diseased pigs from one compartment, and two clinically healthy pigs of approximately the same age from another compartment, were selected for pathological examination and the isolation of viruses, bacteria and mycoplasmas. The diseased and healthy pigs were kept separate while they were being transported to the laboratory.
In the compartment where the outbreak occurred, blood samples were taken from 10 groupmates of the four selected pigs, all with acute signs of respiratory disease (acute sera). The same pigs were bled again four weeks later (convalescent sera) and, if they stayed at least another three weeks on the farm, at the end of the finishing period (end sera). Blood samples were also taken from 10 randomly chosen pigs in one or two other compartments at the end of the finishing period (random end sera).
Pathology
All six pigs were anaesthetised and exsanguinated. A postmortem examination was carried out with special attention to the lungs. When present, fluid from the thoracic cavity was collected in a sterile syringe and preserved in heparin. The percentage of macroscopically affected lung tissue was estimated and the types of lung lesions were recorded. The right cranial lobe was flushed with 30 ml of sterile Eagle's minimal essential medium (EMEM) (Flow Laboratories) and the right caudal lobe was flushed with 30 ml of sterile physiological saline. The lavage fluids were examined for the presence of bacteria and mycoplasmas. Tissue specimens were taken from the right cranial lobe, the right caudal lobe and the caudal part of the left cranial lobe for histological, bacteriological and virological examination. Additional specimens were taken from pigs in which there were no pneumonic lesions at these sites. For histological examination, samples of these specimens were fixed in 4 per cent formalin, and tissue slides were stained with haematoxylin and eosin. The tonsils were collected for the isolation of viruses.
Isolation of viruses
In each outbreak approximately 20 to 25 pieces of lung tissue and tonsil were used for virus isolation. Tissue 
Isolation of bacteria
Lung tissue specimens were decontaminated for six to eight seconds in boiling water, cut aseptically into small pieces and minced in 5 ml brain heart infusion broth (Difco Laboratories) in a Stomacher 80 lab blender. Lung lavage fluids were centrifuged for 10 minutes at 1000 g and the supernatants were discarded.
Thorax fluids, supernatants of minced lung tissues, and the pellet from the lung lavage fluids were inoculated with a loop on to sheep blood agar and sheep blood agar supplemented with 0.1 per cent NAD. The plates were incubated at 370C under aerobic, anaerobic, and microaerophilic conditions for at least 48 to 72 hours, and read on at least two occasions. Bacterial growth was further identified according to Cowan and Steel's (1993) manual for the identification of medical bacteria.
Known pathogens were always recorded. Other bacteria were identified only when isolated in pure culture.
Isolation of mycoplasmas
Lung tissue specimens were minced as described above, except that the brain heart infusion broth contained 40 iu penicillin and 0-08 per cent thallium acetate.
Thorax fluid, supernatants of minced lung tissues, and the lung lavage fluids were inoculated immediately on to modified Edward agar and Friis agar (Friis 1975 ) and incubated at 37°C under microaerophilic conditions. In addition, specimens were serially diluted 10-fold to 10-5 in NHS25 broth, and to 10-2 in NHS25 containing a rabbit antiserum against Mycoplasma hyorhinis. The broth media were incubated at 37°C in rolling drums in which the tubes rotated once per minute. Media were inspected every other day for three weeks. Acidified cultures were transferred twice in 10-fold dilutions and then stored at -70°C until further use.
The mycoplasmas isolated were identified by using an indirect immunofluorescence test (Rosendal and Black 1972) and two polymerase chain reaction (PCR) assays (Stemke and others 1994, Mattsson and others 1995) , which make it possible to discriminate between M hyorhinis, M hyopneumoniae and Mycoplasma flocculare.
Serological examination
All the sera collected from pigs in compartments with a reported outbreak (acute sera, convalescent sera and end sera), and all the random end sera were tested for antibodies against the following pathogens: -Aujeszky's disease virus, by using a gE-ELISA (van Oirschot and others 1988); -PRRS virus, by using an immunoperoxidase monolayer assay (IPMA) as described by Wensvoort and others (1991) .
The random end sera were tested in a 1:200 dilution, and the paired sera and end sera were tested in serial two-fold dilutions to determine the antibody titres; -Influenza virus, by using a haemagglutination inhibition (HAI) test (Kendal and others 1982) for antibodies against HI and H3. All the sera were tested in serial two-fold dilutions, starting at 1:9, and titres equal to or more than 18 were considered positive. Influenza virus strains A/swine/Neth/Best/96 and A/swine/Neth/St Oedenrode/96 were used to test for the HI and H3 antibodies, respectively. Both strains were isolated in this study; -A pleuropneumoniae, by using a complement fixation (CF) test (Nicolet and others 1971) with a mixture of a serotype 2 and a serotype 9 strain as antigen. The sera were tested in a 1:40 dilution. No further differentiation was made between serotypes 2 and 9; -M hyopneumoniae, by using a commercially available ELISA which specifically detects an epitope of M hyopneumoniae without cross-reacting with M flocculare or M hyorhinis (M hyopneumoniae ELISA Kit; Dako).
RESULTS
Clinical signs
The clinical signs in the first 15 outbreaks were very similar: the pigs' feed intake decreased; they were depressed (recumbent, slow, 'sick'); and there were respiratory signs of coughing and laboured breathing. Clear signs were usually apparent in 10 to 30 per cent of the pigs at the time of the first visit. Most of the pigs with clinical signs also had a fever (40 to 42°C In most of the pigs acute lesions were predominant. However, subacute or chronic lesions were also present in the pigs from herds 2, 5, 9, 10, 11, 12, 14 and 16. In all the pigs from herd 12 there were also lesions in the liver, due to migrating Ascaris suum larvae.
Macroscopic lung lesions were also found in 16 of the 32 clinically healthy pigs from herds 2, 3, 5, 8, 9, 11, 12, 15 and 16. Ten pigs had pneumonia and six pigs had a chronic pleuritis. The lesions in these'healthy' pigs were always less severe than those in the diseased pigs from the same herd. The percentage of lung affected rarely exceeded 5 per cent.
Isolation of viruses, bacteria and mycoplasmas
Influenza virus, A pleuropneumoniae, S suis and P multocida were isolated frequently, and more often from the diseased pigs and the clinically healthy pigs with lung lesions than from the healthy pigs without lung lesions (Table 1 ). The isolation of P multocida was usually associated with the presence of chronic or subacute lesions. M hyorhinis, PRRS virus, H parasuis and B bronchiseptica were also frequently isolated, but from both diseased and healthy pigs, either with or without lung lesions. M hyopneumoniae was not isolated very often from either the diseased or the clinically healthy pigs (Table 1) .
Influenza virus was isolated from the pigs from nine herds ( Table 2) . Subtype HI was predominant, but H3 was also isolated from two herds. In seven of the herds (5, 6, 7, 12, 13, 14 and 15) the virus was isolated from the lungs of three or four diseased pigs, and a histological examination revealed a high correlation with the presence of endobronch(iol)itis (Table  2) . Influenza virus was isolated only from the tonsils of some of the pigs in herds 9 and 16.
A pleuropneumoniae was isolated from the pigs from seven herds (Table 3 ). All the isolates were serotype 2. In five of the herds (3, 8, 9, 10 and 11) bacteria were isolated from the lungs of three or four diseased pigs. Pathological and histological examinations revealed a high correlation with haemorrhagic and, especially, necrotising pneumonia ( At least four of the 10 groupmates of the four diseased pigs in herds 3, 8, 9, 10, 11 and 16 seroconverted against A pleuropneumoniae (Table 5) . At least nine of these groupmates were seropositive for A pleuropneumoniae at the end of the finishing period (data not shown). A pleuropneumoniae serotype 2 was isolated from the lungs of the diseased pigs from all these herds. In herds 1 and 13, at least five of the 10 groupmates tested seroconverted, although A pleuropneumoniae was not isolated from the four diseased pigs in these herds.
Serological examination of random end sera and end sera
The pigs in most compartments became seropositive for one or both subtypes of influenza virus, PRRS virus, and M hyopneumoniae. The pigs in only half of the compartments became seropositive for A pleuropneumoniae, and none became seropositive for Aujeszky's disease virus (Table 6) .
Some of the end sera were positive for influenza virus (herds 4 and 11) or M hyopneumoniae (herds 6 and 16), whereas the convalescent sera were still negative for these agents. These infections apparently occurred after the investigation of the outbreaks.
Overall findings and diagnosis
Influenza virus was the most important infectious agent involved in the acute respiratory disease. In herds 5, 6, 7, 12, 13, 14 and 15, it was concluded that influenza virus was solely responsible for the outbreak of respiratory disease (Table 7) . Influenza virus was isolated from three or four of the diseased pigs, endobronch(iol)itis was frequently observed, and nine or 10 of the groupmates seroconverted against the subtype isolated. Except for herd 5, few secondary bacteria were isolated.
In herds 9 and 16, influenza virus was also isolated from several pigs, but sometimes only from the tonsils. Even though endobronch(iol)itis was observed in some pigs and the groupmates in herd 9 seroconverted for the subtype isolated, it was concluded that influenza virus was not the sole or most important cause of these outbreaks.
A pleuropneumoniae was the second most important agent involved in the acute respiratory disease. In herds 3, 8, 10 and 1 1, A pleuropneumoniae serotype 2 was isolated from three or four of the diseased pigs, the pigs had haemorrhagic and necrotic lung lesions, and the groupmates seroconverted against A pleuropneumoniae. In herd 9, there was a concurrent infection with influenza virus, but on the basis of the isolation of the organism and the pathological findings (including histology) it was concluded that A pleuropneumoniae was the most important agent causing the outbreak -iFTUM i. lil (Table 7) . In herds 1 and 13, the groupmates of the diseased pigs seroconverted, but A pleuropneumoniae was not isolated, and no typical lung lesions were observed. The infection with A pleuropneumoniae must have occurred shortly after the investigation of the outbreak. The outbreak in herd 16 seemed to be caused by a combination of influenza virus and A pleuropneumoniae. The causes of the outbreaks in herds 1, 2 and 4 remained unclear (Table 7) .
DISCUSSION
Influenza virus and A pleuropneumoniae are the most important infectious agents involved in acute respiratory disease in finishing pigs. Twelve of the 16 outbreaks in herds with recurrent acute respiratory disease could be attributed to an infection with either one of these agents. Concurrent infections with other infectious agents did occur, but the presence of these agents was not clearly correlated with the presence of influenza virus or A pleuropneumoniae. There was thus no clear evidence that certain specific dual infections might have been important. However, owing to the fact that only 16 outbreaks were investigated, and several combinations of dual infections may be possible, a role for dual infections can not be excluded. The aetiology of four outbreaks remained uncertain and several infectious agents were involved in them.
Influenza virus was responsible for seven of the 16 outbreaks of respiratory disease. The evidence that influenza virus was the cause of the outbreak was based on the presence of endobronch(iol)itis, which is very typical of an influenza infection (Easterday and Hinshaw 1992) , the isolation of the virus, and the serology of paired sera. Furthermore, influenza virus was also involved in two other outbreaks.
Even though many clinical outbreaks can be explained by an infection with influenza virus, infections with influenza virus do not always lead to an outbreak with clinical signs. Pigs in all 16 compartments affected by an outbreak went through an infection with one or both subtypes of influenza virus. Although some ofthese infections caused the outbreaks investigated, most of them occurred before the clinical outbreak, at a time when no clinical signs of respiratory disease were observed by the farmer. This suggests that infections in young pigs may often remain subclinical. Furthermore, the serology of the random end sera showed a high percentage of compartments in which an infection with one or both subtypes had occurred, including many compartments in which, according to the farmer, no clinical signs of respiratory disease had been noticed. This is in agreement with the results of earlier studies in which high seroprevalences were observed in finishing pigs (Elbers and others 1990b , Van Reeth and Pensaert 1994 , Maes and others 1996 , even in herds without a history of respiratory disease.
A pleuropneumoniae was responsible for five outbreaks. The pathological findings of haemorrhage and necrosis were typical of an A pleuropneumoniae infection, and the isolation of the organism, and the serology of paired sera confirmed the infection. In some outbreaks only four or five of the 10 groupmates seroconverted within three weeks. This result is probably due either to the relatively low sensitivity of the CF test (Fenwick and Henry 1994, S0rensen and others 1996) or to a slower production of antibodies. At the end of the finishing period at least nine out of 10 pigs had seroconverted, indicating that almost all the pigs had become infected.
In one other outbreak it was concluded that A pleuropneumoniae was part of the cause, together with influenza virus. In two more outbreaks, an infection with A pleuropneumoniae probably occurred within days after the outbreak under investigation. In these two herds, clinical signs due to the infection with A pleuropneumoniae may have occurred, but were probably indistinguishable from the clinical signs of the initial outbreak. Infections with A pleuropneumoniae usually seem to lead to an outbreak with clinical signs and rarely remain subclinical.
A pleuropneumoniae infections were often preceded by infections with PRRS virus and/or influenza virus. Since most pigs go through these infections, their possible role as precursors of an A pleuropneumoniae infection remains unclear. However, an earlier study revealed that viral infections before an infection with A pleuropneumoniae may increase the severity of the clinical disease due to the bacterium (Sakano and others 1993) . Secondary infections with other bacteria were slightly more common than secondary infectious after an influenza infection. This may be due to the fact that A pleuropneumoniae infections result in more profound lesions. thus providing secondary bacteria with a better opportunity for infecting the lungs.
Although PRRs virus was isolated frequently, sometimes from all four of the diseased pigs, there was no clear evidence that it caused respiratory disease. Because the virus can be isolated up to at least eight weeks after an infection (Meredith 1995) , its isolation does not necessarily indicate a recent infection. In fact, antibodies to PRRS virus were present in the convalescent sera of all 16 outbreaks, but in at least 14 of them the infections were not recent. In these outbreaks, antibodies against PRRS virus were already present in the acute sera and there was no further increase in the antibody titres in the convalescent sera. In the IPMA, antibody titres reach a maximum at 20 to 30 days after infection (Wensvoort and others 1992) or even as late as five to six
The Veterinary Record, July 31, 1999 weeks after infection (Meredith 1995) ; it was therefore concluded that these infections must have occurred at least three to four weeks before the onset of the clinical outbreak. A possible role of PRRS virus in dual infections has been demonstrated by Van Reeth and others (1996a, b) . However, the results of one of their experiments suggested that the impairment of the lungs' defence mechanisms may be overcome within two weeks (Van Reeth and others 1996b). It was therefore concluded that it was unlikely that PRRS virus had played an important role in the infections with influenza virus or A pleuropneumoniae that occurred later. However, it remains unclear what the effect of persistent PRRS virus may be, once the lungs have been damaged by other infectious agents.
M hyopneumoniae was isolated only sporadically. The serological findings also indicated that M hyopneumoniae infections were not a major cause of acute respiratory disease. This result was not unexpected, because M hyopneumoniae is usually associated with chronic respiratory disease (Ross 1992, Kobisch and others 1993) . Because antibodies against M hyopneumoniae were already present in many of the acute sera, it was concluded that infections with M hyopneumoniae often started well before the onset of the acute outbreak of respiratory disease. It is possible that the pigs that were subclinically infected with M hyopneumoniae were more susceptible to the infectious agents that caused the acute outbreaks.
The pathogenicity of M hyorhinis is controversial. Although some strains are able to produce pneumonia in gnotobiotic pigs (Gois and Kuksa 1974) , M hyorhinis usually causes polyserositis and arthritis in young pigs (Ross 1992) . Even though Hensel and others (1994) isolated M hyorhinis only sporadically from the lung lavage fluids of healthy pigs, in this study there was no difference between lungs with and without lesions. It was concluded that M hyorhinis is not of particular concern in acute respiratory disease.
S suis and P multocida were both isolated only from pigs with lung lesions, whereas H parasuis and B bronchiseptica were also isolated from pigs without lesions. The role of all these bacteria in these 16 outbreaks remains uncertain. Under conventional circumstances, they are considered to cause secondary infections after the defence mechanisms of the lungs have been impaired.
Several Streptococcus species, including S suis have been isolated from moderate to high proportions of the lungs of healthy pigs (Hensel and others 1994) , as well as from pigs with lung lesions others 1990, Falk and others 1991) . It has been established that some serotypes of S suis may exacerbate clinical disease after an infection with a primary agent, such as Aujeszky's disease virus, as was found by Iglesias and others (1992) for S suis type 2.
P multocida can cause severe pneumonia after the defence mechanisms of the lungs have been impaired (Fuentes and Pijoan 1987 , Ciprian and others 1988 , Amass and others 1994 . In this study the bacterium was not isolated from lungs without lesions, in agreement with the results of Hensel and others (1994) . P multocida was highly correlated with subacute or chronic lesions, as in the earlier studies of Falk and others (1991) , H0ie and others (1991) and Runge and others (1996) . This may also explain the relatively few isolations of P multocida, since more than half of the pigs had only acute lesions postmortem.
It is possible that secondary bacteria may have influenced the severity of the dinical signs, and they may also have played a role in the clinical outbreaks for which no clear cause could be established. In these outbreaks there may have been a subclinical infection with an unknown primary agent (possibly PRRS virus or M hyopneumoniae), with clinical disease occurring only after lung lesions due to secondary infections had developed.
_~ABSTRACT
Reducing bovine embryonic mortality VETERINARY surgeons can help to reduce embryonic mortality in cattle in four ways: first, by encouraging farmers to detect cows in oestrus at the earliest possible stage; secondly, by treating repeat breeders either intravaginally with progesterone for six days starting six to eight days after oestrus, or parenterally with gonadotrophin-releasing hormone on day 11 to 13 of the cycle and/or at insemination; thirdly, by helping farmers to prevent their cows being either too fat or too thin at calving and by advising them to avoid feeding forages which are too high in nitrogen or molybdenum; and fourthly, by diagnosing pregnancy as early as possible by any method other then membrane slip. LENAHAN, B. J. ( 1999) Irish Veterinary Journal 52, 320 The Veterinary Record, July 31, 1999
